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ABSTRACT 
In the following report, menadione is used as the starting material of a multi-step Aldol 
synthesis to yield a derivative. Menadione, a known precursor of vitamin K., is proposed to be 
combined with safranal, from the saffron plant, to generate a product with possible benefits in 
the food and medical industries. The target derivative compound is a highly conjugated structure 
with three 6-membered rings. Current findings show that menadione is highly insoluble in water 
and difficult to hydrate using a typical acid and water hydration method. Hydration was 
attempted and unsuccessful with H3P04 and !hS04, thus a new method was implemented. This 
new method involved the reduction of menadione. The reduction of menadione with LiA4 
proved to be more successful than the previous trial of hydration of menadione. 
INTRODUCTION 
Menadione, a vitamin K precursor, was once thought to have many potential uses but has 
proved harmful to humans and some animals. Once thought to be candidates for a cancer fighting 
drug, menadione derivatives proved to be toxic and were replaced with vitamin K2 agents.1 
Derivatives such as menadione sodium bisulfite (MSB) have been used in the feeding of animals 
such as dogs and salmon as a vitamin K supplement, however, addition of menadione derivatives 
to both diets exhibited unwanted and harmful effects on these animals. 2•3 MSB and vitamin A 
used in research done on salmon proved to put the salmon at a higher risk for stress factors.3 
Currently menadione and its existing derivatives seem to have no beneficial uses, but could 
prove to be valuable if the correct derivative was synthesized. 
The currently proposed research involves addition of a compound called safranal to the 
menadione piece to create a new derivative of menadione. Safranal is a compound derived from 
the spice saffron and contributes to the smell of the saffron plant. 4 Previously safranal KDV been 
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found to have anti-nociceptive, pain blocking, activity and has been used in folk medicine; recent 
studies have shown that safranal may potentially be useful as an anti-tumor agent, as well as a 
learning and memory agent. 5 Since safranal has proven to be of medicinal value in the past, there 
is a possibility that with the addition of the safranal piece, the derivative could be of use in the 
medical and food industry. 
The proposed synthetic scheme, as shown in Figure 1, is a multi-step organic synthesis, 
with the main step being an Aldol reaction. The first step, the reduction of menadione, was added 
halfway through the experiment when the original first step failed to produce the desired results. 
After the reduction, the product is hydrated and re-oxidized. The following step is an alcohol 
protection reaction using dihydropyran (DHP). Following the protection is a deprotonation and 
Aldol reaction, which will attach the safranal compound to the altered menadione compound. 
The final steps involve an oxidation of the secondary alcohol on the safranal piece to a ketone, 
deprotecting the alcohol formed in the first step by removing the DHP, and finally a dehydration 
(elimination) reaction to restore the double bond in the ring. 
EXPERIMENTAL DETAILS 
In the first step, a hydration of the double bond was attempted using the following 
procedure. Into a 250 mL flask was put 0.5160 grams (0.002997 moles) of the pale yellow 
menadione powder. 30 mL of deionized water (DI H20) was added with mixing, creating a 
frothy yellow mixture. 15 drops of 85% H3P04 were added to catalyze the hydration of the 
menadione. No change occurred and 35 mL more water was added to assist the dissolving of the 
menadione. The mixture was placed on low heat for 45 minutes. After 10 minutes of heat and 
stirring, the mixture turned from a frothy yellow liquid to a clear yellow liquid and showed 
clumping of a solid, which associated with the top layer of froth. An additional GURSof H3P04 
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was added, and immediately a small amount of oil-like substance formed, which turned to a 
brown-colored solid. Diethyl ether (20 mL) and a solution of 0.1 M NaHC03 (3 mL) were added 
to the liquid and poured into a separatory funnel to extract the menadione mixture from the 
water. The menadione-ether mix was then rotary evaporated (Rotovapor Biichi RE111) and a 
melting point test was done by heating a small amount of the solid and recording the melting 
temperature (MEL TEMP). The solid product had a melting point of --96.5°C; menadione has a 
melting point of 1 02°C. 
The solid was fully re-dissolved using 10 mL of 95% ethanol, and the mixture was 
heated. After the solid was fully dissolved, 15 m1 of DI H20 was added and the liquid mixture 
was put on low heat for about 30 minutes. Small brown clumps formed in the bottom of the flask 
and precipitate formed, possibly because some ethanol evaporated. A reflux apparatus was set up 
and 24 mL ethanol and 3 mL of DI H20 was added to the flask. The mixture was left to reflux 
overnight on low heat; the following day the reflux was stopped, and the flask was cooled to 
room temperature. After sitting in a drawer for four days, crystals formed. The crystals were 
long, needle-like, and golden-yellow in color; a yellow liquid remained in the flask with the 
crystals. The crystals were vacuum filtered and dried using a Buchner funnel; the filtrate was 
kept. An IR spectrum (Nicolet IR 200 FT -IR) was measured for both the starting menadione 
compound and the crystalline product. 
A second trial was started using 0.5109 g (0.002967 moles) of menadione, 40 mL of 
ethanol and 20 mL of DI H20 to fully dissolve the starting compound; a warm water bath was 
used to encourage dissolving. After the menadione fully dissolved, 1 mL DI H20 was added at a 
time until the mixture was saturated with water (50 mL), and 5 mL 85% H3P04, along with 
boiling chips (Boileezers nonvolatile granules) were added to a round bottom flask. This mixture 
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) was allowed to reflux overnight. The mixture remained a cloudy yellow-color and yielded a soft 
paste-like solid after vacuum filtration. The solid was dried in a desiccator for two days. IR 
spectrum taken of the solid showed no hydroxyl peak. The hydration procedure was started again 
using the same method but substituting concentrated H2S04 for 85% H3P04. 45 mL of 95% 
ethanol was used to dissolve the solid and a total of 62 mL of DI H20 used; drops of ethanol 
were added between the additions of water. 2.5 mL of concentrated H2S04 was slowly added to 
the mixture, gas production was observed through the formation of bubbles. This yellow mixture 
was refluxed overnight. When the reflux was stopped, the liquid mixture was red in color. 
To rid the mixture of any unreacted H2S04, it was placed in a separatory funnel and 
washed three times with 20 mL portions of water, along with 14 mL 0.1 M NaHC03. Upon 
addition of the NaHC03, the funnel was shaken and vented to release any built-up gas. 60 mL of 
diethyl ether was added, separating the mixture into two phases. The lower aqueous layer was 
discarded, and the dark red organic layer was transferred to a round bottom flask then rotary 
evaporation was performed. A red-brown solid remained and the melting point was tested 
(MELTEMP) and found to be 95°-96°C. Methanol (8 mL) was used to re-crystallize and filter 
the solid, yielding a fine brown solid which was left to dry in the desiccator. 
The step which is now first in the above reaction mechanism was added to the scheme 
because menadione was not able to be hydrated directly. This additional step makes use of 
LW~ as the reducing agent which will change the two ketones in menadione into two alcohols. 
0.4917 g of menadione was dissolved in 40 mL of diethyl ether, forming a transparent yellow 
solution. 0.5821 g of LiA~ was added to the liquid, turning it an olive green color. LW~is a 
gray powdery solid that is very reactive, thus the addition was done with extreme caution under 
the fume hood with a window separating the experimenter from the chemicals. The green liquid 
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was set to reflux for an hour, after which the liquid was a brown color. The reflux apparatus was 
removed and the liquid was allowed to cool. During the reflux a brown-black layer of solid 
formed on top of the liquid. After an extraction and separation of the product an IR spectrum was 
taken. 
The procedure was started again using 0.4559 g of menadione in 25 mL of diethyl ether; 
adding 0.4440 g LiAIRJ. The procedure was carried out as previously done, except the green 
liquid was not refluxed. Instead the liquid was transferred to a separatory funnel and an aqueous 
extraction was performed as follows: water was added drop-wise XQWLObubbling stopped, after 
which enough water was added to saturate the solution for extraction. Approximately 30 mL of 
water was added in total. Upon addition of the water, the solution turned black and was warm to 
the touch, indicating an exothermic reaction occurred between unreacted LiAIR. and water. The 
pH of the solution after the addition of water was 12. To ensure that the alcohol was not 
deprotonated 6M HCl was added drop-wise XQWLOthe pH was more acidic at a pH of 5. After this 
the solution was left in a separatory fimnel to separate. Two layers formed, first a clear top layer 
and brown bottom layer containing the product. The brown layer was drained into a URXQG
bottom flask and rotary evaporation was performed until the liquid evaporated, leaving behind a 
brown-black solid which had a clumpy consistency. 
To purify the solid product, a re-crystallization was carried out using warm methanol to 
dissolve the brown-black solid. The dissolved solid was transferred to a flask to create more 
surface area; it was cooled to room temperature then placed in an ice bath for 3 minutes. The 
product was vacuum filtered and a black solid was collected and left to dry in a desiccator. All 
the liquids, including the red layer from the separatory fimnel, were saved. IR spectra were taken 
of the solid as well as the liquids. Another analysis was performed on the solid using the Gas 
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Chromatography mass Spectrophotometer (Agilent Technology 6890N GC System). An attempt 
was made to determine the melting point of the product, as done on previous products, but failed 
because the melting point is higher than can be tested with the provided laboratory equipment. 
RESULTS AND DISCUSSION 
In the ILUVW trial the melting point of the product was 95.6°C, it was asswned that the 
starting material was still present with impurities because menadione has a melting point of 
1 02°C. Accordingly the solid was re-dissolved as explained earlier. The crystals formed were 
analyzed using IR spectroscopy, a distinctive hydroxyl peak at 3416 cm-1 was observed on the 
spectrum of the product. This peak was not found in spectra recorded later; it was asswned that 
the original crystalline sample contained water. It is possible that the golden-yellow crystals were 
a crystallized form of menadione. 
The product from the second trial was analyzed using IR spectroscopy and determined 
not to be the desired hydrated menadione product. Because the spectrum lacked a hydroxyl peak 
in the 3500 crn-1 region and had a different fingerprint region than that of the menadione 
spectrum, it can be assumed that the product formed was not hydrated menadione. 
In the third trial, using LiAlR. and reflux, nothing substantial was found in the IR 
spectrum to indicate that the desired alcohol was formed. It is possible that the reflux may have 
heated the solution too much thus preventing the proper reaction from occurring. 
From the final trial all the products, liquid and solid, were analyzed. All the spectra had 
broad peaks in the hydroxyl region, around 3400 cm·1, indicating that the reaction may have been 
successful. The peaks seen in the spectra of the liquids are probably a result of traces of product 
left behind in the liquid or the remains of the methanol that was used earlier. The melting point 
of the product was not able to be determined. However, some information about the desired 
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product, 4-dihydro-2-methyl-1, 4-Naphthalenediol, was found on SciFinder. The theoretical 
melting point is 366.2°C, but an experimental value was unable to be determined in the 
laboratory7. The results :from the GC-MS, showed a small peak at 172.0 g jndicating there are 
trace amounts of menadione left in the product. The other peaks on the GC-MS were 
inconclusive and require further analysis and testing. 
Although incomplete, experimentation thus far has shown that menadione is highly 
insoluble in water proving the hydration step of the synthetic scheme to be difficult to carry out. 
In the early trials menadione proved to be insoluble in water even when saturated with water, 
shaken well, and heated. However, menadione dissolves easily in ether and alcohols, such as 
methanol and ethanol. The organic characteristics of ether and alcohol may account for why 
menadione, also organic, dissolves well in such solvents; in comparison to water, which is not 
organic. Menadione also appears to be resistant to hydration by H3P04 even when dissolved in 
ethanol, requiring the use of a harsh acid such as H2S04, which menadione is also resistant to. 
This resistance to hydration is possibly due to the fully conjugated system present in menadione. 
The alternating double bonds in the compound form a system in which it is difficult to break 
even one of the double bonds because the neighboring double bonds stabilize each other. 
Menadione's insolubility and resistance to strong acids caused the most difficulty in the initiation 
of this proposed research. It is because of this resistance that the new first step of reducing 
menadione was added to the reaction scheme, in hopes of breaking the conjugation of the 
compound before hydrating it. 
IR spectra obtained prior to the third trial with reduction step can be considered invalid 
because none of the spectra exhibited characteristics of the desired hydrated product, but all the 
products were similar to the starting material. Menadione's IR spectrum shows no distinctive 
) 
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peaks until 1700 cm"1, which is the fingerprint region. Had the initial attempts to hydrate 
menadione been successful, the desired product from step b. of the proposed scheme would have 
presented a characteristic broad hydroxyl group peak around 3500 cm·1, the theoretical value for 
hydroxyl functional groups. 
It appears that menadione was more susceptible to reduction using Li.A1.li.. As stated 
earlier IR spectra presented the desired hydroxyl peak, which would be present if the ketones 
were reduced to alcohol functionality. ,Imenadione was indeed successfully reduced, it should 
be less difficult to hydrate since the conjugation of the second ring is broken with the absence of 
the ketones. Unlike previous IR spectra, this final spectrum had a very strong and broad peak at 
3400 cm·1• Also, the product sat in a desiccator drying for 3 days before the spectrum was taken, 
ensuring that no water was in the product. 
CONCLUSIONS AND SUMMARY 
With further analysis of the final product it would be possible to characterize it 
completely and determine whether theoretically the product should be solid or liquid. It is 
suggested for future work that the reduction step be performed carefully and on a larger scale to 
ensure menadione is fully and correctly reduced. Less LiA1}4 could be used, since it is very 
strong and reactive. When using heat during a reaction, it should be applied moderately, 
especially closer to the beginning of the experimentation when the product is more like 
menadione. It was observed during the various trials that menadione did not always act favorable 
when heated vigorously. Also if future work were to proceed beyond the first step, one should 
consider whether re-oxidizing the alcohols to ketones, as outlined in step c. of Figure 1, will 
cause difficulty proceeding through the remainder of the experiment. Re-oxidizing the alcohols 
) 
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will replace some of the lost conjugation and stability and may prove to be a hindrance to 
subsequent reactions as it was in the attempted hydration of menadione. 
As observed, menadione does not dissolve in water, but prefers polar organic solvents 
such as alcohols and ethers. This property of menadione makes it a difficult chemical to work 
with for organic V\QWKHVLVespecially when the synthesis involves hydration. However, once it is 
understood KRZmenadione operates chemically it is a less difficult compound to work with. As 
science progresses, more work with menadione will be done making it less of a complicated 
mystery compound in terms of synthesis. 
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